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活化与转化反应。首次在溶液中合成了 Na3P7 笼状磷化合物 (图 1)。并且通过原
位衍生化反应合成了一系列含有[P7]3-阴离子结构的衍生物，(R3E)3P7 笼状磷化合
物 (图 1)。 
   

















图 2 活化白磷合成 InP 量子点单前体 
此外，本论文还发明了一种简单实用的新方法，采用二价锡化合物直接活化
P4 制得锡基磷化合物 (1, 图 2)，而不需要经过 PCl3 中间体的步骤。并采用 X-ray
单晶衍射，元素分析，119Sn NMR， 31P NMR 波谱学等表征了锡基磷化合物
P(SnPh3)3 与[Na(crown)]P(SnPh3)2。同时利用这一新方法可以很方便、快速、大量
的合成 III-V 量子点（InP）前体。并首次成功的合成了量子点单前体化合物
(Me2CH2CH2S)2InP(SnPh3)2 (2, 图 2)，同时也对其进行了 X-ray 单晶衍射等表征。
这一研究成果将有利于纳米量子点科学的发展。 
Diels-Alder 反应是有机化学中的一个经典的 4+2 环加成反应。光照条件下
P4 会解离生成两个 P2 分子，共轭二烯分子可以捕获 P2 得到两步杂 Diels-Alder 
(HDA)反应的环加成产物（图 3）。 
 
图 3 光照条件下 P4 与二烯的 HDA 反应 
本论文采用密度泛函理论 (DFT) 方法对此反应进行了系统的研究，发现了






















（metallaphosphabenzene, MPB）的实验结果报道 (4, 图 4)。因此本论文设想通
过 DFT 方法对此类 MPB 进行理论分析及预测，研究实现该芳香性化合物 MPB
（4，图 4）的可行性方案。 
 
图 4 几种重要芳香金属磷化合物的结构 
首先，本论文采用了等键反应、核独立化学位移（NICS）和异构化能（ISE）
等标准方法来评价 MPB 的稳定性及其芳香性，证明了其具有与金属苯相近的稳
定性。其次，对 Cl2(PH3)2M(PC4H4)和 Cl(CO)(PH3)2M(PC4H4) (M = Fe, Ru, Os) 体
系进行了系统的热力学和动力学研究。配体、取代基、金属中心对 MPB 稳定性
的影响也进行了深入的理论分析。最终可以通过调节金属磷化合物的相对稳定性，


















































Phosphorus has been widely applied in food, agriculture, medicine, army, material 
and other areas closely related with human daily life. Furthermore, phosphorus is one 
of the crucial elements in livings. Where there is life, there is phosphorus. 
The traditional industrial process for synthesizing downstream expensive 
phosphorus-containing chemicals is employing chlorine to oxidize white phosphorus 
(P4) through the preparation of PCl3. However, this process has some disadvantages, 
such as no atoms economy, high energy consumption, harsh reaction conditions, and 
environment unfriendly. Thus, how to use phosphorus resources in high efficiency, 
atoms economy, environmental friendly and sustainable presents a challenge for 
chemists. Herein we develop a simple method to activate P4 phosphorus, which directly 
converts the elemental phosphorus into organophosphorus compounds. 
 
Scheme 1 
The abundance main group element compounds are employed to investigate P4 
activation and transformation in this dissertation. Firstly, we report the preparation of 
Na3P7 cage compounds in solution and the synthesis of their derivatives containing 
[P7]
















Moreover, we have developed one facile, novel and inexpensive method to 
synthesize stannyl phosphides from P4 activated by Sn(II) compound. The novel stannyl 
phosphide compounds, P(SnPh3)3 and [Na(crown)]P(SnPh3)2 (1, Scheme2), are 
characterized by elemental analysis, 119Sn-NMR and X-ray Diffraction (XRD). This 
method successfully avoids the PCl3 intermediate process, and facilitates the 
preparation of Group III-V quantum dots single precursors. The first InP quantum dots 
single precursor, (Me2CH2CH2S)2InP(SnPh3)2 (2, Scheme2), is prepared and 
characterized by XRD. In a word, this research would promote the research in quantum 
dots area (Scheme 2). 
 
Scheme 2 
Diels-Alder reaction is a classical organic cycloaddition reaction in organic 
synthesis. Under UV irradiation, elemental P4 molecule can dissociate into two P2 
molecules, which could be captured by conjugated diene through two steps Diels-Alder 


















The study of Diels-Alder reaction with a novel dienophile, P2 molecule, is carried 
out systematically through DFT method. The key effects for this reaction have been 
investigated. Electron-donating group (EDG) on diene will promote this reaction 
whereas electron-withdrawing group (EWG) will hinder this reaction. Furthermore, the 
effect of steric hindrance for this Diels-Alder reaction is quite huge as tert-butyl 
substituent on diene will increase the energy barrier strikingly. In addition, substituents 
will influence the frontier molecule orbitals of the products for the first Diels-Alder 
reaction. The influence will lead orbital phase reverse for its LUMO, which is decisive 
for the stereoselectivity of the second Diels-Alder reaction.   
Recently, some aromatic organometallic compounds with special structure and 
bonding attracted the attention of chemists (3, Scheme 4). Meanwhile, plenty of metal 
aromatic compounds (3, Scheme 4) were also investigated thoroughly. Until now, there 
are almost no experimental reports on metallaphosphabenzene (MPB) research. 
Therefore, the density functional theory (DFT) theory is employed to investigate the 
MPB systematically. In this project, we intend to develop a feasible alternative route to 


















Firstly, the stabilities of MPB are evaluated by isodesmic reaction, nucleus 
independent chemical shift (NICS) and isomer stability energy (ISE).  These results 
demonstrated that MPB has similar stability with metallabenzene (MB). In addition, 
the thermodynamics and mechanics study of Cl(CO)(PH3)2Os(C4H4P) and 
Cl2(PH3)2Os(PC4H4) systems are thoroughly investigated. The effects of ligands, 
substituents and metal centers are investigated systematically. Finally, the 5-PCp (5, 
Scheme 5), 1-PCp (7, Scheme 5) and MPB (6, Scheme 5) complexes can be realized 
through tuning their relative stability.  
 
Scheme 5 
In a word, this thesis provides strategies for the synthesis of stannyl phosphides 
and photo-synthesis of organophosphorus compounds through directly P4 activation 
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